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(ii) (i) Tit* L fey 3 ^ lftBB#J 5\ ffl^W^I©7^i@2 

.r 

(iii) (i)T?JfclfcOfc# 1 otefc^T, -£<Z)y^ 7 MftBBW^CDT^ 7 
£ ( i i ) T?fgj£ L fcffi&M * > A * K# <Z)*f J£ ^ * &fi© T S ^ £ it 

mx&zi jgtc (iv)r^ y^^e^$ti^^>/N°^e(Z)iif«$:^ 

(V) If £&<ft© |rF± L 9 y * V W £ aMfc-r s r £ , 

z-st!, m &m i izmm<D^m 0 

(b) (i)£J3V^TJfc« , r*#>^*RlCEr-:7 7 ^ U -tcM'T > A 

X 

en ] gs#3® i ~ 3 <zh*i**i** i mcmm<D^m ^ reM^^a* 
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[0 0 0 1 ] 

[0002] 

-?&&mifi&^tez* muT*&ffi?zm(D*y^?mz&mLrmmte&zm~? 
mis. z<D£o&#yAtm*. ^mmtm^n^Muriz^n^^mm 

«£LT«, WiLtfieuBfcfcoTn- F3*iS3-^ v^nti°;i/U vdrgft^t Fn 

(IPMDH)#ftl'3*lT £ *J, Thermus thermophilus HB8<Z)IPMDH(CO VnT & 
* <0 3 *lTV*S (K.Imada^, J.Mol.Biol. 222,725-738, 19 
91). IPMDHfcSfil©««C**, T^y^SB^J, i£*«3tS:^"t**>^^ 

>^-if(ICDH)#*lJib*lTV^ 0 
[0 0 0 3] 
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[0 0 0 4] 

#LmW^bl$, ^-X(Woese) e,ic J:oT^$tlfel6srRNA(C (01 

^A^KttHfcW&tetffa^l/Tv^t&S^fc^SKiMofco fit, 

#f £ <fc tfW#C«3i© * 5: 8¥#T L T Z. *i £ m# f <5 «fc U , *B5fcM # K (?) 7 

[0 0 0 5] 

(ii) (i) -ettKLfcrs y^SBWc^-ts, M^/^f®r^lB 

(iii) (i)tJfc«^fc*>^*«<Z> 1 ptCfcV^, f©7 ^ ^ &BB#W<Z>7 3 

z-gti. watt &&ni-*:#i£T-a>s. 

##§^ttf fC<fcoT, W*H£©6LfcLfc#3li, f©#3lS& 
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[0 0 0 6] 

&<Dft9ll<Dt=.to<D^<^tP<DTfr3V XJ** M>Ltf, **fflS*&jgCJilcS^5 < 7 )\j 
SV^ttA^^SifctfTf^So #I>Ui, CLUSTALW, PUZZLE, MOLPHY, PHYLIP^© 

[0 0 0 7] 

##gHJ!(Z> Effete, JfcRWa^Jc^v^^^jKffiSrjpJffl^-Sii:^* L< 

, ^u*«v^^i«J»sJ:y 5 fe*v^a|s^s:^fJffli•si^*<«i:»J^f*u<, 

J 

S 3. i: tc J: y > ftj^f * J: »J *»6«©**©1i5fcMT 3 J &B& (I2?'J) 

teaser mmmi t.i*ffi75'cPA±"i*%&ift&-fimffltom* ^55°c~74°c 



4 



ffifE# 2001-3061042 



#2001—164332 



;i/7^>f #IC7^ y MB#I#*BHT?v;b 

[0 0 0 8] 

MtC|B«Ufc>^^/7*n^sp.7*Jfc(Sulfolobus sp. strain 7)©IPMDH, ICDH& 

3 ^ £ # T* £ £ „ 3<7)®^(Z)I PMDH %n— F"f £ SHS^ & Suzuki <fc o T 
? d -^^^tlTV^^O-e&S (T. Suzuki^, J. Bacterol. 179(4), 1174 
-1179, 1997) „ 

mm&zzk^L£o £-t2>*yrtt?M<nT$> swtmm*. man?-**-* 

8B#7S ;WJ©W^JIltfffl^A^I^- FtSli?:Mb 
[0 0 0 9] 

#1) L, -eti-^tKO^a^&Ut^Lfer^ y|ftBE^IS:Jt«c'rs. v;i/*-7 r ;i/7 
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©l990#VersionT'&£malign£#JM1-&3 ^|§^{C £ <^T te, ^ 

T^^f y *y h Zfitkofttbizifpte < h =fo 3 =iStf>£4M^ £ tfvfM 5: #J/B 5 

iwi — ©*b9c§j! # > a >? mz m&-t z> a mm £ n & m<d * y a * ic#-g- * nx v> 

[0 0 10] 

l£. Young, Z., Kumar, S. hNei.M, Genetics 141, 1641-16510, 1995, Stewart 
, C.-B. Active ancestral molecules, Nature 374, 12-13,1995, $g#lE^lJ r ^ 

VUi, S^tfiift&CAfS*) »J iC:g;fcj£ (Maximal likelihood method) ^£ - £ 
t£ofrtb<D7U ^^APROTPARS (PHYLIPJCgT* fcf! JM"^^* S . 
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* ^ ti**iS & M v a #JB J: *J ffl&S? t $ 7 mWt&! & -t Z> Z. £. =b T? # S . 
[0011] 

*t?jc^n-— >^snT^y Mmpww e> a* tc & o t 5 ipmdh& £ # i 
mmzfttittz (H3) . r©tt, Mx-iis^^citi^^^^it-r 

[0 0 12] 

S©*ft^*i©fflSfl^g§ UTMOST S yK&SStS"r*ifc^T?S-5 0 

04 JCJ±a^©^®©IPMDH©^^7*n^sp.7i(5fc©152#3SSiC:MlSt*Sr 5 

& CRT' (&mm*T*2-D(DmZffi&tfi 

^sp.7«ci52S»sjc*fj5B , r*r^ ;ift8£«:Sfctjn?£fc^<z>tc*r u r^is&m 
x$> * t fam-t ti« i < ^ e> x & z □ 

[0013] 
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4$2 0 0 1 — 1 6 4 3 3 2 



[0014] 

[00 1 5] 
[0016] 
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s afc^ © * s . 

[0 0 17] 

desman, «E»cfeS3g i K<z)Wi»ffiS:^r"rsT?&5-5 ^ >^^H&«fc 
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mmzmmL£ot.-t z>*y^?M*^- Kt-sae^&Biwu smtt&u 

[0 0 18] 

y, Sambrook et al., 1989, Molecular Cloning: A Laboratory Manua 

1, Second Edition (1989) Cold Spring Harbor Laboratory Press, Cold Sprin^ 
g Harbor, New York, F.M. Ausubel et alo. (eds) , Current Protocols in Mole 
cular Biology, John Wiley & Sons, Inc. (1994)^£#M1-£ Z. titfT'gZ* 

z.ttfT*gz>tf. mmmAm ©y^-r^-icsa mmm$m & ma lx&z m& & 
, cfcuffi^ic Mfo-t zfflmBmiz£^Tmfc2nz>z£zmmizmma>mAit 

[0 0 19] 

z>*>\ -mmz\%±mm(D&otM&%a-tfft&v^ a MbtiiicjSDt, m 
& © asc w& &=f- £ 28 m z -£ s tc &> iz &m & mm m m & ^ o » ^ /< ? # - 1 c ^ © 
afc^itte^- & jffl A/ edflg* a. dna#^- sffiitsit^ts. * © j: ^ & » 

^**-ttM§3il#U: J: <&e>*lT;J5»;, *-*#iffi3S!WK: A 
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[0 0 2 0] 

is ^mm & & v ^ izmm & % © # > a * sc© ianx itm £ as £ $ n £ # > a 
r=.^mx& u , %y av K©ttetc*s i:tMt^ £ £ s « . 

[0 0 2 1 ] 

y^mmZy^VKh LTPIERCE*±<Z)BCA Protein Assay Kit&^ffi L/tMt 

{CUT$!l5£t*£ 3 7'yt^A^77- (50mM CHES/K0H, pH9.5, 20 

OmM KC1, ImM NAD, 0.4mM IPM, 5mM MgC12) &1z;WCA*l, rS^, Mill 50°C 
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. NADH©itiD&340nmJcfettS^^3t©lR)fcSJCj:oTira3£t-S. * fe, IPMDH© 
JtiStttt, 75^C{CfcVNT, l^ratC 1 V-f ^n^^CDNADHSr^-rsjgttSrlU ( 

[0 0 2 2] 

ICDHlC^^Tli, fill 77t>f/l777- (lOmM MgClg , 0.4mM D.L-^f 
V?:n>g2, 0.8mM NADP, lOOmM PIPES pH7.0) &-fe;i/jCA*U Mx.&i50 

*»* : fea^*SD^.«<a^"r*. ^©^> ms©Ms, 5o°c~75°c{c 

# T? £ -6 . lun i t &70°C {C £ -5 1 mo 1 e<8 NADPtf 1# O IC WP ~fZ>A£^-£Z.£ 

i 

[0 0 2 3] 
[jfeS&W 

( i ) *a§s* 

CJ236 : V^Z/Jl— #fcDNA(UssDNA)WJRJBlCf£JBUfc. ^7i/^'j37- 
■gfcdUTPase&fctRLTV**. 

MC1061, JM109 : Jt^iftf^Of&^i: bTM^fc. 

MA153: IPMDH;*4»35iCDik«>©fg££ LTJBV^fc. leuB#3i$c-£& £ 0 
(2) 

LB§55^ifc : 1.0%A? N h U ^ h >, 0.5%A# h>f-* M^^ hy^h, 
l%NaCl. 1.5%^3Co i&SlC/Sl5T7>fcTS/U >&100^g/«iaSJULfe. 

M9*?cig;f£ : lxM9fS, ImM MgS0 4 . O.lmMCaClg, 0.001%^r^>, 0.2% 
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2 xYT@« : 1.6%A? h h V 7° V >, 1.0%/\** h-f-7> hx=3f * h h 

, o.5%Naci 0 xMMnmfatBmizmmLfc. i&mizj&vxry^i/vyzioofi 

(3) IPMDHifrM!^ 

490 a lOT^-fe-f Ay 77- (50mM CHES/KOH, PH9.5, 200mM KC1, ImM NAD, 
0.4mM IPM, 5mM MgClg) £ir;WCA*U 50°C~75°C"e 5 3^7° U>f y^ra.^<- */ 
3>L£„ 7^{cm^©^M{CMLfc^^S:10 i c i l^^.S<M#L^o 
^7° y*r3.K-i/3 >Um£.mVUmzmnL.. NADH£>Jf;&IJS:340nm{;:;J3W- 

(4) ICDH^ftte 

490# 1<£>T yiz^f Ay 7 7~ (10mM MgClg , 0.4mM D.L->fV#:n>^ 0.8mM 
NADP, lOOmM PIPES pH7.0) £ -fe;WC A*U 50 o C~75°C iCfel^T 5#ra7°W > 
3p^/<-^3>Lfe 0 1 0 /*l^x.@<Mf#Ufc 0 7°l/-f> 

dpaL^-2/3 ^MilimD^tCli^U, NADPH<Z)if*D*?:340nm©n^^^^«b 

[0 0 2 4] 

Igggffli. ^;i/7^n^s P . 7^^ex^m$feMiPMDH(Z)^ 

(1) 7^>;M:fc^DNA(UssDNA)tf)i0fg 

^Cj©ffiCJ236CDll>tl 0 ^> h-fe;i/iCleuB5g^7°^7.^ KpE7-SB21 (gf 5 ) %m 
ALfco #^4xfc^K«mCJ236$:2xYT^T^*L, 30ml<Z)ig«$r f& 
t£(Z)CJ236 (C /\;wt- 77- ^M13K07 £ $ i±, 37T3 {C T 2xYTig:ffcT? 5 B# 
P«^#bfe 0 #^tl^^«^&4°C{CT5000rmp-?;-10^P^iS^L, ^(D_h?tS: 
3g tC4°C {C T6000rpm-e lO^jgvfr L T ±W £ fee _h?t 10ml PEG/NaC 1 £ M V n 
T77-^5:?tl$tfc. m%ftt=.7 7-y-fr i bnmz'&.-DT, UssDNA£l0.9^ 

[0 0 2 5] 

(2) *&3;MiPMDHcDyi= jmrnwamfe 

m& £t*iz? n-->y$ti7 ^ j mmwtfm bfrizm^x ipmdh& £ m 
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(3D ^s^lif't't? Saccharomyces cerevisiae£:Nuerospora crassatf) b fK^c 5r£fc$><: L> 

r©n-o©^«»atcfews, ^;i/7^ay^s P .7^i52S^Sic^f ST 

^ ^K«XttV^-r*l*jRT?feofc. tot, r©2g©ffi5fc£%«tf>*fJ£t-£& 
yi&JSXfcJiR'Tf&SfcfllJiLfc. #ClC, Escherichia col i £ Agrobacter i 
um tumefaciens£.fct:$£-f & £ % 7 # n ;/;*sp.7^152#^gi{C#/St"£ 7 ^ 

/Mft^stt-eti-rtiRts-e^ofc. tot, z.<D2m<Dmft&mm<DMj&'tz>& 

m<Z>T$ J m&£lZZ.tl-1£W ' il^T^^VN^, (0 3) 

T'3gC£M©^C£tt§M^&"e&> #tf>l$. fiPt), Saccharomyces cere 

visiae^Nuerospora crassa/\^Ug LT V> £ iff jt& b <£ O ICR-e&S 

f^AE: cE tlT (^-5 Saccharomyces cerevisiae^Nuerospora crassa. ^jrt^E 

scherichia col i i: Agrobacter ium tumefaciensSr^U^.^: 4 Httf^iS^ffiSfc^fe^S 
JCfeW*^©ffifll©T5 y|ft35«t±R7?*<5i:ftl3£L&. Bacillus subt 

i 1 is© * ;i/ 7 * n ~7 X s P . 7#fcl52#^^ IC tST^; &RT* SSIfc^ 

gff«E(Z)4StCBacillus subtilising 5 a<Z)£%tf>ffl$ l G£#tfi&C;j3V^ 
, iCDfitttCfcUS-f S7 ^ y^*ttRT?^>-5^ti^Lfe 0 r©J:e>lCLT, HI 

p. 7«cfiDi52#ffiatc*f/s-r*r ^ ysft3S3ittRTf*sii#i^bfc. 

[0 0 2 6] 

£M&S7;i/-7*n?'*sp.7$ctf)7' ^ y»3S2£i3J:tflft«&fc5£Lfc. -fc©*!* 
, M91, 195. K152, G154, A259, F261, Y2820>#7 5 SMSaifc J: tfffitttfffiSfc 
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4f 2 0 0 1 — 1 64332 

152#7$ y»353SttR, 154#T^ JWt^&it^ 259#7^ ^ifcJSSfcfcS, 261# 
7S >>Sft«3lttP, 282#7^ >>lftj£aEttLT?&5fcfcj£l,fc. 
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[0 0 2 7] 

[*1 J 







IPMDH 


89 97 


150 158 


256 563 280 285 


Sulf olobus sp. strain 7 


YDMYANIRP- 


— IAKVG-LNFA — 


-VHGAAFDI — 


-MMYERM 


Thermus thermophilus 


QDLFANLRP VARVA-FEAA — 


-VHGSAPDI — 


-MMLEHA 


Bacillus subtilis 


LDLFANLRP- 


— VIREG-FKMA — 


-VHGSAFDI — 


-MLLRTS 


Escherichia coli 


FKLFSNLRP- 


— IARIA-FESA — 


-AGGSAPDI — 


-LLLRYS 


Agrobacterium tumefaciens 


LELFANLRP- 


— IASVA-FELA — 


-VHGSAPDI — 


-MCLRYS 


Saccharomyces cerevisiae 


LQLYANLRP- 


— ITRMAAF-MA — 


-CHGSAPDL — 


-MMLKLS 


Neurospora crassa 


LGTYGNLRP- 


— IARLAGF-LA — 


-IHGSAFDI — 


-MMLRYS 


ICDH 


89 97 


150 158 


256 563 


280 285 


Saccharomyces cerevisiae 


FGLFANVRP- 


— VIRYA-FEYA — 


-VHGSAPDI — 


-MMLNHM 


Bos Taurus (3/4) 


FDLYANVRP- 


— IAEFA-FEYA — 


-VHGTAPDI — 


-MMLRHM 


Bacillus subtilis 


LDLFVCLRP- 


— LVRAA-IDYA — 


-THGTAFKY — 


-LLLEHL 


Escherichia coli 


LDLYICLRP- 


— LVRAA-IEYA — 


-THGTAPKY— 


-MMLRHM 




xDLxANLRP- 


— IARxAxFExA — 


-VHGSAPDI— 


MMLxxx 




L L 


R R 


S P 


L 




<a mm 


<b mm 
b' b" 


<c mm 


<dmm 



±tm*o%v#T $ j mmmtm^mm^ i ~48^ LTmmizsmLt. 

[0 0 2 8] 

m*&>T(Dt.&VT*2b2>o -t&fct^ mmm^mmm (M9iLj3i?>*i95L) , b' 
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mmm%mmm (K152R) , b-mmm^mmm (Gi54A) , bmmm^m^m (ki 

52RJ3 0:t>*G154A) , c^^Jcffl^M^M (A259S33 J: O t F261P) , dfl^ffiftM^M ( 
Y282L) „ a. b, c % d^g^M^M (M91L, I95L, K152R, G154A, A259S, F2651P& 
J:tH282L) 3ZLT\ M;U£M91L& £^tf2«91#©M 

[0 0 2 9] 

^^-f V-^ggftb^o ^y^^T-H *;i/7*n-/*sp. 7#fc(Z)IPMDH©i« 
BB^rj (BJ#I#-£49) MT^ytS?!) (@2#J#^50) £##ic LTlgft Ufc (S 
6£cf:t>1g|7) 0 

[0 0 3 0] 
af€fflMfMAM^7>fv-> PI 

5* -TTTGCTGGT CTTAAG TTGGCATAAAGATCATAAATTTGTC-3' (@B?!I##51) 

ramas liMPs^Af 1 1 1 ©siaifit & £ o 



b'M^SIMiAffly^-fv-, P2 

5' -AGTTTAGCCCTACGC TCGCGA TTCTCTCAGAAGC-3' 
MJPSMtNruI ©MST'fe -5 c 

b-fira^M^M^AM^^-f^-, P3 
5 ' -AATGCAA AGTTTAGCGCTACTTTTGCTATTC-3' 
TMteEco47 III©^!M^-efe-g) 0 

bfl^cffi^M-M^^Amy^-rv-, P4 

5' -TGCAAAGTTT AGCGCT ACTCTTGCTATTCTCTC-3' 
T»PttEco47 IIKDM^gP^T^eo 

cfI^ffi$feM^#A«^^>rv-, P5 

5 ' -TCCAGCAATGTCCGGAGCACTACCGTGTACTG-3' 



1 7 



(B23»-5f52) 

(SB#I##53) 

(IB#I##54) 

(BH^'J#^55) 
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TiWfflJttMroI©B»fflSffiT?&*. 

5 ' -TCATACATTCT CTCGAG CATCATACTTAC-3' (MH^'J##56) 

SB#J##47~ 52 : »&4«&3EM#A<Z>fc«><Z>:? r 9>f V- 
[0 0 3 1 ] 
(4) Kunkelj£lCj:£^IMgA 

it&JC&oT, BH^I#-^3~8{CSB«©y^'f^-S:**l^ttTE (10mM Tris- 
HCU ImM EDTA, pH8.0) iZ^M h X lOpmol/ fi l©?£?££fj^ L fe. ZKD^^-f 

<DRJ&m&3 n Ifoi: »J, ( 1 ) -e»e>*lfcUssDNA1.5^ 1£«-£U 7--U 

>y m^x. z\a)M^m^izit, 'j>iftUOTff3~80^t© 

^^-fv-7b^^tiTVNfe 0 T--V ytfit. 10x7--U>^*;77- ( 
200mM Tris-HCl, 20mM MgClg, lOOmM DTT; pH8.0) $tjl20 n UZXft & o £ 

[0 0 3 2] 

7 — -V ytf&.<Dmmzi0x&f&jiyy7- (50mM Tris-HCK 20mM MgClg, 5 
mM dNTPs, 10mM ATP, 20mM DTT, pH7.9) £ 2 fi 1, T4 DNA >j # - -fc? £ 1 /il, T4. 
DNAitfy*9--£&l *l;fa*T*«f»JC5#H, iKv^Tl[ffl{C5^IBIfBS, 2£ 
IC37TCKlT90#|ffl>f >3f:i/Ni-S/3>L£„ jKJSS! £ 4 a 1 £ U , *fl§SMC1061 

■ny\£y-y h-fe;i/i00jtt lhiB-^L, ot;k:t20#|SU 42°C{cti#P^ o°cicT2 

#IS«MeU 2xYT««lS:450Atlin^.T371CJCTl«fiaflC«Ufe. rcD^f#?gl38. 
5/i lfclOO^g/rnKDy^t'^'J >&^fr2xYT^ft^i&5mHc#&U — Bftig*^lC 
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[0 0 3 3] 
[0 0 3 4] 

3©J:e»{CLT#^nfe^M^<De)*>, (M91L£J;r>*I95L) ffl&Miyfc, Kl 
52Rffi$fc§^M#. (G154A) ffiflcSSSMft, (K152RJ3 «fc tfG154A) ffi^M^flffc 
. (A259Sfe«fcOfF261P) ffi&^'aSMtt- (Y282L) ffiftMMtt, 

b'mmft. b n mmfa. b^n#. c^n#. dgejs#fc*r&u Mfo-t&m 

3£>f^X^ Kfc^ift^tl, pE7-SB21a % pE7-SB21b\ pE7-SB21b\ pE7-SB21b, pE 
7-SB21C, pE7-SB21d£ift>&Lfc 0 

T atfl^Mtt £ bcd^ffiftSge & M V % T abcdflJgcffi^M^M^ =& L 

o 

±^(D^^izLxm^nt^bcdmmm^m^m^^^^ KpE7-sB2ibcd dna& 

Smanf^JWrL/fe. — agS^fc"^*^ KpE7-SB2la DNA£XbaI ^EcoRIT-^fr 
U g^ttSii^n- KS*lfcDNAWr>t SrpUC118<Z>XbaI-EcoRlv;b-^^ n- 
-yy®mz-V-7V Q-->^bT, KpUC118-SB21a&#fc 0 P UC118-S 

B21a£SmaIT*TOU ±ia©S«aI^tfbcd1Blgffi$fcS3EI*#'75 X 5 KDNA^v-T 
y-S/a >LTpUC118-SB21abcd&f§fc 0 ?£fCpUC118-SB21abcdJ3 J: t>*pE7-SB21 £ 
Xbal fcEcoRITfflHfc U L/TabcdflB«ffl3fcS3EH#©fc A©«3K^9 

J*^ KpE7-SB21abcd£:?#£ 0 

pE7-SB21a, pE7-SB21b\ pE7-SB21b\ pE7-SB21b % pE7-SB21c, pE7-SB21d £ J: 
tfpE7-SB2 1 abcdtf g |ft £ f £ ffiSfc-MIEMtt -£ tl *l JC *f S 
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[0 0 3 5] 

H»J 2 . ^;i/7^D^sp. IPMDHfc «fc ffi&gg IPMDHg>»j8 

-SrT>H°i/U >100/ig/ml5:-^t?2xYT^100nincg^U, — W6^p* U * 
4X-?tlT>H°^U ^OO/ig/mlfc^tUOLtf) 2 x YTJgifi&Cg^ L £ 0 37T3&CT0D60 
0=0. 6£ T?S3ft*&*SU IPTG£«iS&i§S0.4mM&C&£ ioCilDbt. 5StC|ga«f 

# £ 2 BUSffrfc o lCT7000r P mx lO#fla0>SM>>JC =toT EUR L 

^7- I (20mM KHP0 4 , 0.5mM EDTA, pH7.0) tCjHHSfLv 4°C 
{CT7000rpmx 20^^©M>C^C <fc o Tgfcft L £ Q ]t*> IC^©^^ ^ Zf\ZK h & V^ . 
-801CT?a#&«#Lfc. #£*lfc®#&19.6gT*&o£ 0 
[0 0 3 6] 

MfcWU 4°C{CT, 30,000rpmx20dS'ia©at^JCJ:o , rtt:J8S:Bfe*0fe. -fc$*& 
75 °C IC T 20#raML3a L, 4^C {C T30 , OOOrpm x 20^|8f3S^ 0 T tfcjg L ^'f£ # > 

±»^977- I T¥ML£l^;f >£m#^ADE-52{cfrtt, ^iiUM 

# & EUR L fc„ # & ft fcH#lC*»amN IC3M^T y =£ - V A (AS) 
^?K$:*PX.4°C{CT^l^raScff^, 4t:, 30,000rpmx20^ra©iS^tC ioTtfcM 
£ L _Lt* £ lM©AS£i^fr A >y77 - IT ¥f5ft L fciffcKtt* 9 ^ 
Toyoperl 650s# =y AfCjf U AS«SlM->0 M©ii&»^ffilC J: o T 

#^ft£#m#CoVNT^'f£M^£fi 1 &v\ ?gffi©&o * £ 

#)> ;t»;77-II (20mM CHES/K0H, 0.5mM EDTA, pH9.3) lC*f U T j§#T L fe = 
[0 0 3 7] 

mm %y rtt? wmm*. A^yr-u OfcliKrt-^Sgia^ARe 

source Q^AlC^tt, KCl^^OM- >0. lMOM^fcJgET* 3? >A^7 jg b 
fe 0 »e>nfc#®^&#^ 77-ItC*f LTaf^fLSDS-PAGElCioTJSBSS: 
fltSLfe. SDS-PAGEJC iotf-A> K#5IS;!5ftfcH#&£#>TCetnriprep30 
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£ffl^Tlms/«llC*T*«il©L&. A BSA'S:«mi: LT, PIERCE 

*±£>BCA Protein Assay Reagent Kit£M V>TiRU£ Lf~ 0 *HR*gS&^ 2 tC^-T 

o 



[*2J 



Mft 19.67g 


ttfiH*(U) 






Jti&f* 


♦Eft 






' (%) 


(mg) 


(U/mg) 










2278.3 








34.74 


100.0 


230.5 


0.15 


1.00 


DE-52 


33.93 


97.7 


80.67 


0.42 


2.80 


Zf f- As ■ 


33.72 


97.1 


7.12 


5.02 


33.47 


Toyopearl 












Resource Q 


15.05 


43.3 


1.60 


11.00 


73.33 



[0 0 3 8] 

3 . TsfrVtU y^,sp. g) IPMDH <fc ^a^cM!PMDHg)ffif^-ai!l^ 
^;i/7^D^^sp.IPMDH©lf«lipH7.0T'tt^^lC?gVN©T\ 99TCTf©WI» 

. 'J>i*Uf^*;77- (20mM KHP04, 0.5mM EDTA. ImM DTT, pH7.0) £M 
VNT. b\ b\ b, c, d^#lCoV*Ttt*>/t*jmR£0.25mg/iil, abcd^Mtt 

wi*K«&i.omg/«ii: Lrmmmwizmmisfc, ^mipmdhic 

o V> T % * > A * H?i,gO . 25mg/m 1 * it It 1 . Omg/m 1 ft £ J: ? IcgfiiS £ flgg 

Lfc„ z.nt>a>Bmmmz99°cizi3^T. io#isu 2o#ra, 3o#rsu 6o#ra, 12 

0#HfKMQ.3l&bfc o ffilt, *tftC5^|Sf»aU, 12,000rmp, 4 TCtCT20#|8l 
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[0 0 3 9] 

[*3] 





T M (#) 


ltiaHt(u/mg) 


* 7* a sp.?zf&§} IPMDH 


10.1 


11.0 




15.8 


11.0 




13.1 


10.9 




12.8 


14. 7 




16.4 


17.5 




16.7 


11.6 


[0 0 4 0] 






[^4] 






*4. ^MlPMDHfeJ:t5abcd|EJ 




m 


T 1/2 <#) 


Jfcffitt(u/mg) 


*7*U7°* sp.Jzfftg! IPMDH 


15.3 


11.0 


abed g£J|# 


2 3. 7 


11.0 



[0 0 4 1 ] 

£*l b\ b", b, c, d;i3«fctfabcd3gM#©v*Tftfc^Micifc 

ii!LT»S»tt^|qI±L•CV^Sril*«We>>^C«Sr^fe. * fc. b\ b\ d^MftlC 
o V n T teit^Stt & 111 B# tC if * L fe o 
[0 0 4 2] 

fgff§M4. Thermus thermophi lusfrg> (£> jg,ff5g[IPMDH(Z)=^g 
( 1 ) ffiftM IPMDH© r ^ y &K#|0>*£}£ 

^-->y$4^TV^§^^^^#©IPMDH > 5:t^ , ICDH©T^ 7 »BI#J 

~89£ L,TK#U6tCSa«l/fc). *©*T£&«WT«#ffi#i5<, 
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7 - V--^?* J17 (Thermus thermophi lus) I'M^ST ^ J W.%$L^ < ofr £ 
UL$Lfc a H{CIPMDHi:ICDH<Z)^-^^^tf(EI3)i:-^t)i±TThermus(D#BtjT^ 

mis $ jmmmnftv&moTs. jm%kmmt^z>) t^mv 

L£„ Ml 0tCThermus©53SBJC»fc«#^«JT©r^ 3 
*lS:*StWe>3^ JCThermusliLeu^ PhelC#U£ L Z £ ifimW 2 *l & = Zl © «fc 
■^tCLT9!?aiC«l3£T?$-fefflftS!3B^t±. F53L, V181T, P324T(Z)3o h & o tc a F 
53U V181T, P324T^<DfH#<Z)S*{ill^Ml"T^MLfe : fe)(Z)i:|lf# , Xrfe'5> = 
[0 0 4 3] 
(2) ^H#A 

Veronique Picard£> (Picard, VC. et. al., Nucleic Acid Research, 

22, 2587-2591 (1994)) {Z^oT, PCR&5fflM LTS&4#MWtC&M&#A L & 
o -f&fc>*K ^ KpET21c(CThermus thermophilus I PMDH (NCB \~f 7 V 

3 >##AAA16706)#* n-->^£*lfc^Xi* K (01 1) LT, 

LP324T^«#|g|5&#IPMDH(Z)3 , 5fiS8fl!ffC&o fefeft, ~ «fc £^||2gA 

#ffi3fefc**ofc. r©£#)5P324T3 £ igtf U :JS:f|sSS L3* ^^Jfipg*: 
ff V^M £^A L/ ^IMgAfC^ffi L >f v - fctJ^T©® »; T? & 5 . 

5' "7**7 4 V — T7T : 5' -CTAGTTATTGCTCAGCGGT-3' (fB#I##90) 
5' ~f\y 4 V — T7P : 5* -TAATACGACTCACTATAGGG-3' (K#|$#91) 
F53L^^3SA/§ : 5' -GGGCTCGGGCAAGGGCTCGC-3* (BE#I#-£92) 
V181T^M#AJB : 5' -AGGTCCGGGGTCGGGGTCTCC-3' (BJ#l#-&93) , 
P324T^M^AM : 5' -CTTGTCCACGCTCGTCACGTGCTTCCTG3' (BB#I##94) 

[0 0 4 4] 
<m&m7V-T*7. h> 

»J#^90~94 : MiMWfMiAfflt'J if* * K 
[0 0 4 5] 

MMM 5 . Thermus thermophi lus(£>aF£MlPMDH J: ^ja&MlPMDHCPlfciE 
( 1 ) I PMDH £3 cfc t>*ffi$feMlPMDH©Wi^ 
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i:[^#^^?ST*Thermus thermophi lus^SF^MlPMDHJS <£ t^ffl^fcSIPM 
DH$rifi§gLfc 0 -fib. Thermus thermophi lus© IPMDHjftfc^-fiG+C-^itfiS < , -£ 

lL©«f|?R^e)#e>*lfc««FiRfitt, 3^£§2l84mg/L, F53LSEMffl5fcSttll.3mg/ 
L, V181T3EM5feMtt8.4mg/L, P324T^Mffl$feM«ll . lmg/LTS) o 

(2) mftmpumcoMm'ftmfe 

g^MlPMDHfc <fctfffi$fcMIPMDHS:3&ffi3iU ^0)2S#73'f4£iI£ Lfc. ^1**1 

^£M&tfS5fcMlPMDH£# >7\ o ??g?g(20mM KHP0 4 pH7.6 • 0.5mM EDTA) &0'.4 
mg/mUc|)g§gU > ^Ol/50 # l£0.5ml©v-f ^7 J.-^iCAtl80, 82, 84 
, 86, 88, 90°CT10^r4MM© 5 0 °C IC £ £ yStt £ U ?Sffi#50%lC 

HI, ffi<&mO%lZteZ>£g<DUmi*W&%lr'lZ85.5X:. F53L^MM-eti83.5°C, V 
181T^M§? , T?l±86.8 , C, P324T^M§?^l±86.5"C-efeo^ 0 £feW&M£lk'<Z> 
F53L^#IMte2 0 Ct3:£T#oT L£ V181T^S!{il.3 0 C, P324T^ 

JS£!ttl.OT;±#Ufc. 
[0 0 4 6] 

3?&C, 86°CIC&^T 0, 5, 10, 15, 2 0 #ra«Mtt«&<Z>?SteS:50T; {Cfc 
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CIS 5] 

*5. «#?Stt*«50XJCi£T't<B*'T?©^ra (T 1/2 ) 





T 1/2 (5» 


AT 1/2 (#) 




9. 4 




F53L MS! 


3. 5 


- 5. 9 


V181T ggSSl 


2 2. 1 


+ 12. 7 


P324T JESS 


12.5 


+ 3. 1 



[0 0 4 7] 

181T& 12. 7#, P324Ttt3.l4M9J»'fbLfe. 
iiTf, F53L ^MM^W^ffi^W^MJ: U %»<£TO&#, £*U*JB<T©I?H 

& L T * £ £ Thermus thermophi lus-£ &58# @ #Arg;£#, ffi(£>£4Wei£Leu 
^Val^&o^,, iffli^J: U53#g$:Leu{CLfe3^'r58#@(Z)Argi:©K(Z)^ 

[0 0 4 8] 
(3) CD*^# h;b 

K^M&tfFSSU V181T, P324Ttf)#^MMlPMDH£20mM KHP0 4 (pH7.6)^MT*0 
.lmg/mllcgfSgUTCD^K^ h MRzi-feffi*'** h £M ^T210nm-250nm<D # 

[0 0 4 9] 

HIM6. Caldococcus nobor ibetusfl) ICDHfe J: tFjB&gglCDHff^ig 

(i) ffi^icDHc^r * jmmwmm 

NCBI<Z)-r- # - ^~ X ^ e>fS3tlft&£^<Z> IPMDH^^I* ICDH©SB#I £ A 

#U lejUT^-T^ > hV7 h©Clustal X^ffl^T77^^>h5:lTofc (EI 



ffiSE# 2 0 0 1 - 3 0 



V 
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13) . ^fciftfcCDlB^J&fcfctC, &W6W?1&V ~7 htf)Puzzle&M^T IPMDH 

36F, Y309I, I310L, I321L, A325P, G326S© 6 offi^cM^M^fiJg £ tlfe. A336 
F^©3B#©iKl*8:, HifeM 1 £<fct>*4 £.mUV$>2> a 3(23 *>Y309I£:I310L, A 

325Pi:G326Stt»y-&oTfe»;rai5n^«Jt±tc*«©7*-a:SlgSi: Y 

309I/I310L£N1^M, I321L£N2^M, A325P/G326S£N3^M, A336F£N4^M£ 
(2) ^H#A 

5£S£$I1 £J:t>*4 tm^teJi'&V. Zf^T.^ FpET21c(C Caldococcus noboribe 
tus©ICDH(NCBIT^-fey i/ m >#-^BAA13177) n - — y >f ^ftt=.Z? <y 7. ^ K 
SrttMfc OTPCRtCfc »JN13EM* N2^M, N3^M, N4^M$r#ALfe„ 
[0 0 5 0] 

jlMM7. Caldococcus nobor ibetusff) ICDH J: tFffl&^ICDHCDtt jC<Difcigf 

(1) Caldococcus nobor ibetusgF^MlCDH^ J: ^ffi^SUCDHCZ)^^ 

t^iCl/T, pET21c££t>*Nl-N4(Z>#^M£#ALfe^J|pET21c£ 
£ ffl V % T Ca 1 dococcus nobor i betus»£S ICDH& J: tfffiSfcS ICDH & ^if§ 
Si£&C#£oT, KF£^ICDHfcJ:tfffi$kMlCDH&tt3SLfe. lL£>ig*»> 
£>, 1?£§?ICDH lOmg, NI^MMICDH 15.4mg, N2^MM 10.9mg, N3^MMl4.2m 
g, N3^MMl4.2m g> N43E^S4.39«g©ICHD««»e)nfe. 

(2) ffi^MlCDH<Z)©^ffiM^ 

W$H£&Mit-£7c#), Jffl^LfeCal dococcus noboribetus ICDH©gF£Mi:# 
^M#£*§l*&?S>g (80, 82, 84, 86, 88, 90, 92, 94°C) T'lO^IMJl U 
* <D & £ & 70°C iz & v % T mfe b o iiMS^CDK^ liHSfcM 

5fcp3f« (012$:#^-t±<j:) *Stt#50J»Cfcsa& (T 1/2 ) tt^Sfe 

£t>*Nl-N4^MMlCDH&CO^Tr©JlgtC, 87.5, 88.8, 88.8, 91.3, 74.0°CT*& 
o£= W^MlCDHtCirb^TNl, N2^MMlCDHte,ftrrC, N3^M§l?ICDHti^4 0 C©^ 
ffi W ±# U £ . U ^ L N4^MM I CDH ti jfa 13°C T # o . 

^fe80 o CiCfe^-g>#^#:©l:b?Stt$:tWI^Lfeo SE^MICDH©ffl*fJt8H£ttNl 
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fr£N4(Z)J!}C^;ft-?n$j72, 62. 127, 21% 100% £ ) T^ofe Q N 

U N2£ <fc ICDH© JtfStt JC t±-e *U$ if % L ^Utt B £ tl & o It t>\ 

ffif$H£ # * m (C T # o N4^MM I CDH {C -3 ^ T JtiStt *» * * # < T # o £ . 
[0 0 5 1 ] 

#ac, N4^MMlCDH©jjif^S^L<i£TL/^(Z)T', ra5&«rtcStfM*3i&j!¥*r 
L/fe 0 -£<Z)^J|I, Ala336<Z)Mi2fC&Leu327, Tyr363, Leu364jb<& *J , 8R3fcn7# 
^J&£;ftTV^i:f£5t£;ft£: 0 AU336 , Leu327JCfflS-rsaJ^ttftB©^«jfCfe 
V*Ttt, Phe-Ala. Phe-Gly, Tyr-Ala, Ala-Meti: ^ ? J: 5 iZftjjtfjzg 

H N4^MMlCDH©MH£#T#ofc<zm, Ala336£Phe{cff 

[0 0 5 2] 

mm<omm 

[0 0 5 3] 

SEQUENCE LISTING 

<110> Ajinomoto Co., Inc. 

<120> A method for improving the thermostability of a 

protein, a protein having improved thermostability and 



tf}|iE# 2001-3061042 



^2001—164332 
a nucleic acid sequence encoding the protein 
<130> Y1I0476 



<140> 
<141> 

<150> JP 2000-201920 
<151> 2000-07-04 

<160> 104 

<170> Patentln Ver. 2.1 

<210> 1 
<211> 9 
<212> PRT 

<213> Sulfolobus sp. 
<400> 1 

Tyr Asp Met Tyr Ala Asn He Arg Pro 

1 5 



<210> 2 
<211> 9 
<212> PRT 

<213> Sulfolobus sp. 

2 8 ffiSE# 2001-3061042 
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<400> 2 

He Ala Lys Val Gly Leu Asn Phe Ala 

1 5 

<210> 3 
<211> 8 
<212> PRT 

<213> Sulfolobus sp. 
<400> 3 

Val His Gly Ala Ala Phe Asp He 
1 5 

4 

6 

PRT 

Sulfolobus sp. 
<400> 4 

Met Met Tyr Glu Arg Met 
1 5 

<210> 5 
<211> 9 
<212> PRT 

<213> Thermus thermophilus 

2 9 ffifl#2 0 0 1 - 3 0 6 1 0 4 2 
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<400> 5 

Gin Asp Leu Phe Ala Asn Leu Arg Pro 
1 5 



<210> 6 
<211> 9 
<212> PRT 

<213> Thermus thermophilus 
<400> 6 

Val Ala Arg Val Ala Phe Glu Ala Ala 
15 

<210> 7 
<211> 8 
<212> PRT 

<213> Thermus thermophilus 
<400> 7 

Val His Gly Ser Ala Pro Asp He 
1 5 

<210> 8 
<211> 6 
<212> PRT 

3 0 ffiIE#2 0 0 1 - 3 0 6 1 0 4 2 
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<213> Thermus thermophi lus 
<400> 8 

Met Met Leu Glu His Ala 

1 5 

<210> 9 
<<211> 9 
<212> PRT 

<213> Bacillus subtil is 
<400> 9 

Leu Asp Leu Phe Ala Asn Leu Arg Pro 

15 

<210> 10 
<211> 9 
<212> PRT 

<213> Bacillus subtil is 
<400> 10 

Val He Arg Glu Gly Phe Lys Met Ala 

1 5 

f 

<210> 11 
<211> 8 

3 1 2001-3061042 
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<212> PRT 

i 

<213> Bacillus subtil is 
<400> 11 

Val His Gly Ser Ala Pro Asp He 
15. 

<210> 12 
<211> 6 
<212> PRT 

<213> Bacillus subtil is 
<400> 12 

Met Leu Leu Arg Thr Ser 

1 5 

<210> 13 
<211> 9 
<212> PRT 

<213> Escherichia coli 
<400> 13 

Phe Lys Leu Phe Ser Asn Leu Arg Pro 
1 5 

<210> 14 

3 2 ttJIE# 2001-3061042 
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<211> 9 
<212> PRT 

<213> Escherichia coli 
<400> 14 

He Ala Arg He Ala Phe Glu Ser Ala 
1 5 

<210> 15 
<211> 8 
<212> PRT 

<213> Escherichia coli 
<400> 15 

Ala Gly Gly Ser Ala Pro Asp lie 

1 5 

<210> 16 
<211> 6 
<212> PRT 

<213> Escherichia coli 
<400> 16 

Leu Leu Leu Arg Tyr Ser 

1 5 



3 3 ffiliE# 2001-3061042 
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<210> 17 
<211> 9 
<212> PRT 

<213> Agrobacter ium tumefaciens 
<400> 17 

Leu Glu Leu Phe Ala Asn Leu Arg Pro 
1 5 

<210> 18 
<211> 9 
<212> PRT 

<213> Agrobacter ium tumefaciens 
<400> 18 

He Ala Ser Val Ala Phe Glu Leu Ala 
1 5 

<210> 19 
<211> 8 
<212> PRT 

<213> Agrobacter ium tumefaciens 
<400> 19 

Val His Gly Ser Ala Pro Asp He 
1 5 

3 4 tti$E4# 2001-3061042 
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<210> 20 
<211> 6 
<212> PRT 

<213> Agrobacter ium tumefaciens 
<400> 20 

Met Cys Leu Arg Tyr Ser 

1 5 



<210> 21 
<211> 9 
<212> PRT 

<213> Saccharomyces cerevisiae 
<400> 21 

Leu Gin Leu Tyr Ala Asn Leu Arg Pro 

1 5 



<210> 22 
<211> 9 
<212> PRT 

<213> Saccharomyces cerevisiae 
<400> 22 

He Thr Arg Met Ala Ala Phe Met Ala 

1 5 

3 5 ffii2E# 2001-3061042 



#2001—164332 



<210> 23 
<211> 8 
<212> PRT 

<213> Saccharomyces cerevisiae 
<400> 23 

Cys His Gly Ser Ala Pro Asp Leu 
1 5 

<210> 24 
<211> 6 
<212> PRT 

<213> Saccharomyces cerevisiae 
<400> 24 

Met Met Leu Lys Leu Ser 

1 5 

<210> 25 
<211> 9 
<212> PRT 

<213> Neurospora crassa 
<400> 25 

Leu Gly Thr Tyr Gly Asn Leu Arg Pro 

3 6 ffifiE# 2001-3061042 
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1 5 

<210> 26 
<211> 9 
<212> PRT 

<213> Neurospora crassa 
<400> 26 

He Ala Arg Leu Ala Gly Phe Leu Ala 

1 5 

<210> 27 
<211> 8 
<212> PRT 

<213> Neurospora crassa 
<400> 27 

He His Gly Ser Ala Pro Asp lie 

1 5 

<210> 28 
<211> 6 
<212> PRT 

<213> Neurospora crassa 
<400> 28 

3 7 ffiM# 2001-3061042 
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Met Met Leu Arg Tyr Ser 

1 5 

<210> 29 
<211> 9 
<212> PRT 

<213> Saccharomyces cerevisiae 
<400> 29 

Phe Gly Leu Phe Ala Asn Val Arg Pro 

1 5 



<210> 30 
<211> 9 
<212> PRT 
<213> Bos taurus 

<400> 30 

Val He Arg Tyr Ala Phe Glu Tyr Ala 

1 5 



<210> 31 
<211> 8 
<212> PRT 

<213> Saccharomyces cerevisiae 

3 8 [tJ|E#2 0 0 1 - 3 0 6 1 0 4 2 
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<400> 31 

Val His Gly Ser Ala Pro Asp He 

1 5 

<210> 32 

<211> 6 • " 

<212> PRT 

<213> Saccharomyces cerevisiae 
<400> 32 

Met Met Leu Asn His Met 
1 5 

<210> 33 
<211> 9 
<212> PRT 
<213> Bos taurus 

<400> 33 

Phe Asp Leu Tyr Ala Asn Val Arg Pro 

1 5 

<210> 34 
<211> 9 
<212> PRT 
<213> Bos taurus 

3 9 ffi!E#2 0 0 1 - 3 0 6 1 04 2 
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<400> 34 

He Ala Glu Phe Ala Phe Glu Tyr Ala 

1 5 

<210> 35 
<211> 8 
<212> PRT 
<213> Bos taurus 

<400> 35 

Val His Gly Ser Ala Pro Asp He 

1 5 

<210> 36 
<211> 6 
<212> PRT 
<213> Bos taurus 

<400> 36 

Met Met Leu Arg His Met 

1 5 

<210> 37 
<211> 9 
<212> PRT 

4 0 ffi£E4f 20. 0 1- 3061042 
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<213> Bacillus subtil is 
<400> 37 

Leu Asp Leu Phe Val Cys Leu Arg Pro 

1 5 

<210> 38 
<211> 9 
<212> PRT 

<213> Bacillus subtil is 
<400> 38 

Leu Val Arg Ala Ala He Asp Tyr Ala 

1 5 

<210> 39 
<211> 8 
<212> PRT 

<213> Bacillus subtil is 
<400> 39 

Thr His Gly Thr Ala Pro Lys Tyr 

1 5 

<210> 40 
<211> 6 
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<212> PRT 

<213> Bacillus subtil is 
<400> 40 

Leu Leu Leu Glu His Leu 
1 5 

<210> 41 
<211> 9 
<212> PRT 

<213> Escherichia coli 
<400> 41 

Leu Asp Leu Tyr lie Cys Leu Arg Pro 
15 

<210> 42 
<211> 9 
<212> PRT 

<213> Escherichia coli 
<400> 42 

Leu Val Arg Ala Ala He Glu Tyr Ala 

15 

<210> 43 

4 2 ffiliE# 2001-3061042 
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<211> 8 
<212> PRT 

<213> Escherichia coli 
<400> 43 

Thr His Gly Thr Ala Pro Lys Tyr 

1 5 

<210> 44 
<211> 6 
<212> PRT 

<213> Escherichia coli 
<400> 44 

Met Met Leu Arg His Met 
1 5 

<210> 45 
<211> 9 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:predicted 
ancestor sequence 

<220> 

4 3 ffifiE# 2001-3061042 
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<221> UNSURE 
<222> (1) 

<220> 

<221> UNSURE 
<222> (4) 

<400> 45 

Xaa Asp Leu Xaa Ala Asn Leu Arg Pro 
1 5 



<210> 46 
<211> 10 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:predicted 
ancestor sequence 

<220> 

<221> UNSURE 
<222> (4) 

<220> 

<221> UNSURE 
<222> (6) 
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<220> 

<221> UNSURE 
<222> (9) 

<400> 46 

He Ala Arg Xaa Ala Xaa Phe Glu Xaa Ala 
1 5 10 

<210> 47 
<211> 8 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: predicted 
ancestor sequence 

<400> 47 

Val His Gly Ser Ala Pro Asp lie 

1 5 

<210> 48 
<211> 6 
<212> PRT 

<213> Artificial Sequence 
<220> 

4 5 ffitltf 2001-3061042 
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<223> Description of Artificial Sequence: predicted 
ancestor sequence 

<220> 

<221> UNSURE 
<222> (4)..(6) 

<400> 48 

Met Met Leu Xaa Xaa Xaa 
1 5 



<210> 49 
<211> 1014 
<212> DNA 

<213> Sulfolobus sp. 

<220> 

<221> CDS 

<222> (1) . . (1011) 

<400> 49 

atg ggc ttt act gtt get tta ata caa gga gat gga att gga cca gaa 48 

Met Gly Phe Thr Val Ala Leu He Gin Gly Asp Gly He Gly Pro Glu 

15 10 15 

ata gta tct aaa tct aag aga ata tta gec aaa ata aat gag ctt tat 96 
He Val Ser Lys Ser Lys Arg He Leu Ala Lys He Asn Glu Leu Tyr 
20 25 30 



aj|E# 2001-3061042 



#2001—164332 



tct ttg cct ate gaa tat att gaa gta gaa get ggt gat cgt gca ttg 
Ser Leu Pro lie Glu Tyr lie Glu Val Glu Ala Gly Asp Arg Ala Leu 

35 40 45 



144 



gca aga tat ggt gaa gca ttg cca aaa gat age tta aaa ate att gat 192 
Ala Arg Tyr Gly Glu Ala Leu Pro Lys Asp Ser Leu Lys lie lie Asp 
50 55 60 

aag gee gat ata att ttg aaa ggt cca gta gga gaa tec get gca gac 240 
Lys Ala Asp He He Leu Lys Gly Pro Val Gly Glu Ser Ala Ala Asp 

65 70 75 80 



gtt gtt gtc aag tta aga caa att tat gat atg tat gee aat att aga 288 
Val Val Val Lys Leu Arg Gin He Tyr Asp Met Tyr Ala Asn He Arg 
85 90 95 



cca gca aag tct ate ccg gga ata gat act aaa tat ggt aat gtt gat 336 

Pro Ala Lys Ser He Pro Gly He Asp Thr Lys Tyr Gly Asn Val Asp 
100 105 110 

ata ctt ata gtg aga gaa aat act gag gat tta tac aaa ggt ttt gaa 384 

lie Leu lie Val Arg Glu Asn Thr Glu Asp Leu Tyr Lys Gly Phe Glu 

115 120 125 

cat att gtt tct gat gga gta gec gtt ggc atg aaa ate ata act aga 432 

His He Val Ser Asp Gly Val Ala Val Gly Met Lys He He Thr Arg 

130 135 140 
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ttt get tct gag aga ata gca aaa gta ggg eta aac ttt gca tta aga 480 

Phe Ala Ser Glu Arg He Ala Lys Val Gly Leu Asn Phe Ala Leu Arg 

145 150 155 160 

agg aga aag aaa gta act tgt gtt cat aag get aac gta atg aga att 528 

Arg Arg Lys Lys Val Thr Cys Val His Lys Ala Asn Val Met Arg He 
165 170 175 

act gat ggt tta ttc get gaa gca tgc aga tct gta tta aaa gga aaa 576 

Thr Asp Gly Leu Phe Ala Glu Ala Cys Arg Ser Val Leu Lys Gly Lys 

180 185 190 

gta gaa tat tea gaa atg tat gta gac gca gca gcg get aat tta gta 624 

Val Glu Tyr Ser Glu Met Tyr Val Asp Ala Ala Ala Ala Asn Leu Val 

195 200 205 

aga aat cct caa atg ttt gat gta att gta act gag aac gta tat gga 672 

Arg Asn Pro Gin Met Phe Asp Val He Val Thr Glu Asn Val Tyr Gly 

210 215 220 

gac att tta agt gac gaa get agt caa att gcg ggt agt tta ggt ata 720 

Asp He Leu Ser Asp Glu Ala Ser Gin He Ala Gly Ser Leu Gly He 

225 230 235 240 

gca ccc tct gcg aat ata gga gat aaa aaa get tta ttt gaa cca gta 768 

Ala Pro Ser Ala Asn He Gly Asp Lys Lys Ala Leu Phe Glu Pro Val 

245 250 255 

cac ggt gca gcg ttt gac att get gga aag aat ata ggt aat ccc act 816 
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His Gly Ala Ala Phe Asp He Ala Gly Lys Asn He Gly Asn Pro Thr 

260 265 270 

gca ttt tta ctt tct gta agt atg atg tat gaa aga atg tat gag eta 864 

Ala Phe Leu Leu Ser Val Ser Met Met Tyr Glu Arg Met Tyr Glu Leu 

275 280 285 



tct aat gac gat aga tat ata aaa get tea aga get tta gaa aac get 
Ser Asn Asp Asp Arg Tyr He Lys Ala Ser Arg Ala Leu Glu Asn Ala 

290 295 300 



912 



ata tac tta gtc tac aaa gag aga aaa gcg tta ace cca gat gta ggt 
He Tyr Leu Val Tyr Lys Glu Arg Lys Ala Leu Thr Pro Asp Val Gly 
305 310 315 320 



960 



ggt aat gcg aca act gat gac tta ata aat gaa att tat aat aag eta 
Gly Asn Ala Thr Thr Asp Asp Leu He Asn Glu He Tyr Asn Lys Leu 

325 330 335 



1008 



ggc taa 
Gly 



1014 



<210> 50 
<211> 337 
<212> PRT 

<213> Sulfolobus sp. 
<400> 50 



4 9 
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Met Gly Phe Thr Val Ala Leu He Gin Gly Asp Gly He Gly Pro Glu 

15 10 15 

lie Val Ser Lys Ser Lys Arg He Leu Ala Lys He Asn Glu Leu Tyr 
20 25 30 

Ser Leu Pro He Glu Tyr He Glu Val Glu Ala Gly Asp Arg Ala Leu 

35 40 45 

Ala Arg Tyr Gly Glu Ala Leu Pro Lys Asp Ser Leu Lys He lie Asp 
50 55 60 

Lys Ala Asp He He Leu Lys Gly Pro Val Gly Glu Ser Ala Ala Asp 

65 70 75 80 

Val Val Val Lys Leu Arg Gin He Tyr Asp Met Tyr Ala Asn He Arg 
85 90 95 

Pro Ala Lys Ser He Pro Gly He Asp Thr Lys Tyr Gly Asn Val Asp 
100 105 110 

He Leu He Val Arg Glu Asn Thr Glu Asp Leu Tyr Lys Gly Phe Glu 
115 120 125 

His He Val Ser Asp Gly Val Ala Val Gly Met Lys He He Thr Arg 

130 135 140 

Phe Ala Ser Glu Arg He Ala Lys Val Gly Leu Asn Phe Ala Leu Arg 

145 150 155 '160 
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Arg Arg Lys Lys Val Thr Cys Val His Lys Ala Asn Val Met Arg He 

165 170 175 

Thr Asp Gly Leu Phe Ala Glu Ala Cys Arg Ser Val Leu Lys Gly Lys 
180 185 190 

Val Glu Tyr Ser Glu Met Tyr Val Asp Ala Ala Ala Ala Asn Leu Val 

195 .200 205 

Arg Asn Pro Gin Met Phe Asp Val He Val Thr Glu Asn Val Tyr Gly 
210 215 220 

Asp He Leu Ser Asp Glu Ala Ser Gin He Ala Gly Ser Leu Gly He 

225 230 235 240 

Ala Pro Ser Ala Asn He Gly Asp Lys Lys Ala Leu Phe Glu Pro Val 

245 250 • 255 

His Gly Ala Ala Phe Asp He Ala Gly Lys Asn He Gly Asn Pro Thr 
260 265 270 

Ala Phe Leu Leu Ser Val Ser Met Met Tyr Glu Arg Met Tyr Glu Leu 

275 280 285 

Ser Asn Asp Asp Arg Tyr lie Lys Ala Ser Arg Ala Leu Glu Asn Ala 

290 295 300 

He Tyr Leu Val Tyr Lys Glu Arg Lys Ala Leu Thr Pro Asp Val Gly 
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305 310 315 320 

Gly Asn Ala Thr Thr Asp Asp Leu He Asn Glu He Tyr Asn Lys Leu 

325 330 335 

Gly 



<210> 51 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer for site 
directed mutagenesis 

<400> 51 

tttgctggtc ttaagttggc ataaagatca taaatttgtc 40 



<210> 52 
<211> 34 
<212> DNA 
<213> Artificial 

<220> 



Sequence 
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<223> Description of Artificial Sequence: primer for site 
directed mutagenesis 

<400> 52 

agtttagccc tacgctcgcg attctctcag aagc 34 

<210> 53 
<211> 31 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer for site 
directed mutagenesis 

<400> 53 

aatgcaaagt ttagcgctac ttttgctatt c 31 

<210> 54 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer for site 
directed mutagenesis 
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<400> 54 

tgcaaagttt agcgctactc ttgctattct etc 33 



<210> 55 
<211> 32 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer for site 
directed mutagenesis 

<400> 55 

tccagcaatg tccggagcac taccgtgtac tg 32 



<210> 56 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer for site 
directed mutagenesis 

<400> 56 

tcatacattc tctcgagcat catacttac 29 
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<210> 57 
<211> 13 
<212> PRT 

<213> Neurospora crassa 
<400> 57 

Asp Pro He Thr Asp Glu Ala Leu Asn Ala Ala Lys Ala 

1. 5 10 

<210> 58 
<211> 13 
<212> PRT 

<213> Neurospora crassa 
<400> 58 

Val Trp Ser Leu Asp Lys Ala Asn Val Leu Ala Ser Ser 

1 5 10 

<210> 59 
<211> 7 
<212> PRT 

<213> Neurospora crassa 
<400> 59 

Lys Thr Lys Asp Leu Gly Gly 
1 5 

5 5 ajfiE# 2001-3061042 
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<210> 60 
<211> 13 
<212> PRT 

<213> Saccharomyces cerevisiae 
<400> 60 

Val Pro Leu Pro Asp Glu Ala Leu Glu Ala Ser Lys Lys 

1 5 10 

<210> 61 
<211> 13 
<212> PRT 

<213> Saccharomyces cerevisiae 
<400> 61 

He Trp Ser Leu Asp Lys Ala Asn Val Leu Ala Ser Ser 
1 5 10 

<210> 62 
<211> 7 
<212> PRT 

<213> Saccharomyces cerevisiae 
<400> 62 

Arg Thr Gly Asp Leu Gly Gly 

5 6 tfiiiE# 2001-3061042 
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1 5 



<210> 63 
<211> 13 
<212> PRT 

<213> Agrobacter ium tumef aciens 
<400> 63 

Val Ala He Ser Asp Ala Asp Asn Glu Lys Ala Leu Ala 
1 5 10 



<210> 64 
<211> 13 
<212> PRT 

<213> Agrobacter ium tumefaciens 
<400> 64 

Val Cys Ser Met Glu Lys Arg Asn Val Met Lys Ser Gly 

1 5 10 



<210> 65 
<211> 7 
<212> PRT 

<213> Agrobacter ium tumefaciens 
<400> 65 

5 7 ffiH# 2001-3061042 
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Arg Thr Ala Asp He Met Ala 

1 5 



<210> 66 
<211> 13 
<212> PRT 

<213> Bacillus subtil is 
<400> 66 

Asn Pro Leu Pro Glu Glu Thr Val Ala Ala Cys Lys Asn 
15 10 



<210> 67 
<211> 13 
<212> PRT 

<213> Bacillus subtil is 
<400> 67 

Val Thr Ser Val Asp Lys Ala Asn Val Leu Glu Ser Ser 
1 5 10 

<210> 68 
<211> 6 
<212> PRT 

<213> Bacillus subtil is 

5 8 ffiSE# 2001-3061042 
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<400> 68 

Arg Thr Arg Asp Leu Ala 
1 5 

<210> 69 
<211> 13 
<212> PRT 

<213> Escherichia coli 
<400> 69 

Gin Pro Leu Pro Pro Ala Thr Val Glu Gly Cys Glu Gin 

1 5 10 

<210> 70 
<211> 13 
<212> PRT 

<213> Escherichia coli 
<400> 70 

Val Thr Ser He Asp Lys Ala Asn Val Leu Gin Ser Ser 

1 5 10 

<210> 71 
<211> 7 
<212> PRT 

<213> Escherichia coli 

5 9 tfiiiE#2 O O 1 - 3 O 6 1 O 4 2 
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<400> 71 

Arg Thr Gly Asp Leu Ala Arg 

1 5 



<210> 72 
<211> 13 
<212> PRT 

<213> Thermus thermophi lus 
<400> 72 

Glu Pro Phe Pro Glu Pro Thr Arg Lys Gly Val Glu Glu 
1 5 10 



<210> 73 
<211> 13 
<212> PRT 

<213> Thermus thermophi lus 
<400> 73 

Val Val Ser Val Asp Lys Ala Asn Val Leu Glu Val Gly 
15 10 

<210> 74 
<211> 9 
<212> PRT 

6 0 • miiE# 2001-3061042 
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<213> Thermus thermophi lus 
<400> 74 

Glu Thr Pro Pro Pro Asp Leu Gly Gly 

1 5 

<210> 75 
<211> 13 
<212> PRT 

<213> Sulfolobus sp. 
<400> 75 

Glu Ala Leu Pro Lys Asp Ser Leu Lys lie lie Asp Lys 

1 5 10 

<210> 76 
<211> 13 
<212> PRT 

<213> Sulfolobus sp. 
<400> 76 

Val Thr Cys Val His Lys Ala Asn Val Asn Arg He Thr 
1 5 10 

<210> 77 
<211> 9 

6 1 2001-3061042 
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<212> PRT 

<213> Sulfolobus sp. 
<400> 77 

Lys Ala Leu Thr Pro Asp Val Gly Gly 

1 5 



<210> 78 
<211> 13 
<212> PRT 

<213> Saccharomyces cerevisiae 
<400> 78 

Thr Thr lie Pro Asp Pro Ala Val Gin Ser He Lys Thr 
1 5 10 



<210> 79 
<211> 13 
<212> PRT 

<213> Saccharomyces cerevisiae 
<400> 79 

Val Ser Ala He His Lys Ala Asn He Asn Gin Lys Thr 
1 5 10 



<210> 80 



6 2 
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<211> 9 
<212> PRT 

<213> Saccharomyces cerevisiae 
<400> 80 

Glu Asn Arg Thr Gly Asp Leu Ala Gly 

1 5 

<210> 81 
<211> 13 
<212> PRT 
<213> Bos taurus 

<400> 81 

Trp Met He Pro Pro Glu Ala Lys Glu Ser Asn Asp Lys 
1 5 10 

<210> 82 
<211> 13 
<212> PRT 
<213> Bos taurus 

<400> 82 

Val Thr Ala Val His Lys Ala Asn He Asn Arg Met Ser 
1 5 10 
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<210> 83 
<211> 9 
<212> PRT 
<213> Bos taurus 

<400> 83 

Asn Met His Thr Pro Asp He Gly Gly 

1 5 

<210> 84 
<211> 13 
<212> PRT 

<213> Bacillus subtil is 
<400> 84 

Glu Trp Leu Pro Ala Glu Thr Leu Asp Val Ala Arg Glu 
1 5 10 

<210> 85 
<211> 13 
<212> PRT 

<213> Bacillus subtil is 
<400> 85 

Val Thr Leu Val His Lys Gly Asn He Asn Lys Phe Thr 
1 5 10 

6 4 ffiliE# 2001-3061042 
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<210> 86 
<211> 9 
<212> PRT 

<213> Bacillus subtil is 
<400> 86 

Arg Val Leu Thr Gly Asp Val Val Gly 
1 5 

<210> 87 
<211> 13 
<212> PRT 

<213> Escherichia coli 
<400> 87 

Val Trp Leu Pro Ala Glu Thr Leu Asp Leu He Arg Glu 
1 5 10 

<210> 88 
<211> 13 
<212> PRT 

<213> Escherichia coli 
<400> 88 

Val Thr Leu Val His Lys Gly Asn lie Asn Lys Phe Thr 
1 5 10 

6 5 2001-3061042 
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<210> 89 
<211> 8 
<212> PRT 

<213> Escherichia coli 
<400> 89 

Val Val Thr Tyr Asp Phe Ala Arg 

1 5 

<210> 90 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: ol igonucleot ide 
for site directed mutagenesis 

<400> 90 

ctagttattg ctcagcggt 19 



<210> 91 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



6 6 
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<220> 

<223> Description of Artificial Sequence:ol igonucleot ide 
for site directed mutagenesis 

<400> 91 

taatacgact cactataggg 20 

<210> 92 
<211> 20 

<212> DNA . 
<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: ol igonucleot ide 
for site directed mutagenesis 

<400> 92 

gggctcgggc aagggctcgc 20 

<210> 93 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: ol igo 

6 7 aifiE# 2001-3061042 
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nucleotide for site directed mutagenesis 
<400> 93 

aggtccgggg tcggggtctc c 21 



<210> 94 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: ol igonucleo tide 
for site directed mutagenesis 



<400> 94 

cttgtccacg ctcgtcacgt gcttcctg 28 



<210> 95 
<211> 32 
<212> PRT 

<213> Sulfolobus sp. 
<400> 95 

Val lie Val Thr Glu Asn Val Tyr Gly Asp He Leu Ser Asp Glu Ala 
15 10 15 

Ser Gin He Ala Gly Ser Leu Gly He Ala Pro Ser Ala Asn He Gly 

6 8 ffi|E#2 0 0 1 - 3 0 6 1 0 4 2 
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20 



25 



30 



<210> 96 
<211> 6 
<212> PRT 

<213> Sulfolobus sp. 
<400> 96 

Ala Leu Phe Glu Pro Val 

1 5 

<210> 97 
<211> 32 
<212> PRT 

<213> Thermus thermophilus 
<400> 97 

Val He Val Thr Thr Asn Met Asn Gly Asp He Leu Ser Asp Leu Thr 

15 10 15 

Ser Gly Leu He Gly Gly Leu Gly Phe Ala Pro Ser Ala Asn He Gly 
20 25 30 
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<210> 98 
<211> 6 
<212> PRT 

<213> Thermus thermophilus 
<400> 98 

Ala He Phe Glu Ala Val 
1 5 



<210> 99 
<211> 32 
<212> PRT 
<213> Bos taurus 

<400> 99 

Val Leu Val Met Pro Asn Leu Tyr Gly Asp He Leu Ser Asp Leu Cys 

15 10 15 

Ala Gly Leu He Gly Gly Leu Gly Val Thr Pro Ser Gly Asn He Gly 
20 25 30 
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<210> 100 
<211> 6 
<212> PRT 
<213> Bos taurus 

<400> 100 

Ala He Phe Glu Ala Val 
1 5 



<210> 101 
<211> 33 
<212> PRT 

<213> Saccharomyces cerevisiae 
<400> 101 

Val Ser Val Cys Pro Asn Leu Tyr Gly Asp He Leu Ser Asp Leu Asn 
1 5 10 15 - 

Ser Gly Leu Ser Ala Gly Ser Leu Gly Leu Thr Pro Ser Ala Asn He 

20 25 30 

Gly 



<210> 102 
<211> 6 
<212> PRT 
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<213> Saccharomyces cerevisiae 
<400> 102 

Ser He Phe Glu Ala Val 

1 5 



<210> 103 
<211> 32 
<212> PRT 

<213> Caldococcus noboribetus 
<400> 103 

Val He Val Thr Pro Asn Leu Asn Gly Asp Tyr lie Ser Asp Glu Ala 

15 10 15 

Asn Ala Leu Val Gly Gly He Gly Met Ala Ala Gly Leu Asp Met Gly 

20 25 30 

f 

<210> 104 
<211> 6 
<212> PRT 

<213> Caldococcus noboribetus 
<400> 104 

7 2 miiE4# 2001-3061042 
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Ala Val Ala Glu Pro Val 

1 5 

[mi] 

16S rRMOitmz J: £^g&tf £^fo 
[02] 

[03] 

IPMDH& J: tflCDHtf) umitgefC J: o T#^$ tlfe^SSftf fc^-To 
[04] 

Sulforobus sp.7#<JD152#3SJ£0>ii<ffc$:a* , $\ 
[05] 

pE7-SB21<£>fgfM@liji:f&|Il£^-r o pE7-SB21}i3g^^# # -pET21c©NdeI-EcoEI 

««tcleuB3t^&#AUTf^58Stifc. 0*Oia#tiJSilT©iWB8»^WTas(a 
fc^^T : N:Nde I, Sm:Sma I, E:EcoR I, E 4? :Eco47 III, B:Bgl II, Xb:Xba I, 
H:Hind III, XhrXho I, M:Mro I 
[06] 

[07] 

x)V7*w7xsp. leuBJft^CDifiliBB^Jfe £t>*T^ 7 BftBB#I . 

[0 8] 

abcdfli|j(lcfei-t§^'M#A©«Elil&$:^i- 0 0(fKOSa^ttJ^T©ffiIK#3RWWT3IJ 
fe^^fT : N:Nde I, Sm:Sma I, E:EcoR I, E 4? :Eco471 1 1, B:BglII, X fa :Xba I, 
H:Hind III, Xh:XhoI, M:Mro I, NarNae I, Sa:Sal I 
[09] 

IPMDH£J:tnCDHtf)v;i/5 L y;i/T^''f > h Zm?* (ICDH) ICD 
HT^ 7 OTB#f£:*L, ^^#&VNgE#JftlPMDH$:^-f . N. Cra: Neurospora era 
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ssa, S. Cer: Saccharomyces cerevisiae, A. turn: Agrobacter ium tumef acience 
, B. sub:Bacillus subtil is, E. Col: Escherichia coli, T. The: Thermus th 
ermophilus, Sub sp.#7: Sulfolobus stain #7, Cs. Cer: Saccharomyces cerev 
isiae (ICDH), CB. Tau: Bos taurus(ICDH), CB. Sub: Bacillus subtil is (ICD 
H), CE. Col: Escherichia coli (ICDH)„ 
CH10] 

Thermus thermophilus IPMDHCD53#^SCD3§ > ffc §r^"t" 0 
[0-113 

Thermus thermophilus IPMDHtf^ n - — > tlt=. $ KpET21c£££M £ 

[0123 

Thermus thermophi lus^^M^^S^MlPMDH^'ffiC^MS^CD^ $r^"To 
[0133 

IPMDHfeimCDH^^l/^T^l/T^-Y > b 
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mm*] 
[mi] 



<f^> Amtmm so 

*5 A»S»H 65 

->7>A^D7 65 

ThermuslS 

-&&*mn?t^fmm so 

■Jhermotoga 80 
Aquifex 85. 




SH3>HU7 55 -i 
'SUM* 45 



Suffolobus 80 

^JWrodictium 1 05 
jTherrrioproteus 88 
■Thermococcus 88 
gethanococcus 88 
Thermoplasma S 0 

. 55 
Methanosarcina 40 
Methanospirillum 37 _ 



Bacteria 



Crenarchaeota 



Euryarchaeota 



Archaea 



S5S 55 



Eucarya 



1 
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[0 2] 



UN 

K 




Q 
O 
>— i 

H 



a 

M 
CO 



a 

CO 
CO 

o 

3 
CO 



CO 
3 

•H 

•s 

& 

B 

cd 

<0 

g 

CD 



CO 
■H 

CO 
<0 



o 
a 

■§ 

CD 



CO 

c; Q) 

cd 03 

O CO 

<H ^ 

CD CD 

3 CD 

4J O 

S CO 

3 CD 



CD 

o 



o o 

03 CO 

cq 



03 03 

o o 



CD 
03. 

•M 
CO 

*-H 

CD 

03 5h 
CO CD 
CO O 
03 



CO \ 

a cd ro 

o — 

03 5*1 CO 

1 3 



o 



- >H 

Q, >s 3 

9) <0 H3 

o x; « 

3 CJ to 

ID O 

S:. to cq 

_ll 



CO 

CO <D 

M ^ 

O -H 

-U O CO 

CO *H 

^: i — i 

co o rd 

M CD CO 

o o u 

03 co c! 



u 

4-1 



2 



ffilE^t 2001-3061042 



#2001—1 



6 4 3 3 2 



[®3] 



X 

o 
a. 



X 

o 
o 



3» 
& 

m 

6 
x 

Q 

g 

4a 

x 
a 

a 



8 

I 
II 

1 3 
J 



q> 
o 

I 
i 

! 

HO 

I 



I 
1 

<3 



i 

1 



I 



I 
12 



is © 

50 

* 3 

3 



CM 

X 
Q 

1 
1 

I 

1 

<0 



9 

? 

to 



to 

41 



i 

<3 



3 



£BfI# 2001-3061042 



#2001—164332 



[B4] 



o 

Q. 



X 
Q 
O 



m 

G 

n 
m 

eg 
m 

6 

p» 

a 

to 

K 
□ 





CO 


















CO 



























[05] 



t: 



a 

to 

i 

5§ UJ 



3 



E B Xb N 



Sm 



B 



H H 



E H xh M 



P E7-SB21 (Dmm$£Mi&^ 



E„:Eco47 III. B:Bgl II. Xb:Xba I. N:Nde I. Sm:Sma I, H:Hind III. E:EcoR I. XhJCho I.M:Mro I 



4 



fflM#2 001-3061042 



#2001-164332 



[H6] 

atg ggc ttt act gtt get tta ata caa gga gat gga att gga cca gaa 48 

Met Gly Phe Thr Val Ala Leu lie Gin Gly Asp Gly lie Gly Pro Glu 16 

ata gta tct aaa tct aag aga ata tta gec aaa ata aat gag ctt tat 96 

He Val Ser Lys Ser Lys Arg He Leu Ala Lys He Asn Glu Leu Tyr. 32 

tct ttg cct ate gaa tat att gaa gta gaa get ggt gat cgt gca ttg 144 

Ser Leu Pro He Glu Tyr He Glu Val Glu Ala Gly Asp Arg Ala Leu 48 

gca aga tat ggt gaa gca ttg cca aaa gat age tta aaa ate att gat 192 

Ala Arg Tyr Gly Glu Ala Leu Pro Lys Asp Ser Leu Lys He He Asp 64 

aag gee gat ata att ttg aaa ggt cca gta gga gaa tec get gca gac 240 

Lys Ala Asp He He Leu Lys Gly Pro Val -Gly Glu Ser Ala Ala Asp 80 

gtt gtt gtc aag tta a^;^^ 288 

Val Val Val Lys Leu Ag^l^^ 96 



&£&.;^^; : ®aLg tct ate ccg gga ata gat act aaa tat ggt aat gtt gat 336 

$^M£$$s Ser He Pro Gly lie Asp Thr Lys Tyr Gly Asn Val Asp 112 

ata ctt ata gtg aga gaa aat act gag gat tta tac aaa ggt ttt gaa 384 

He Leu He Val Arg Glu Asn Thr Glu Asp Leu Tyr Lys Gly Phe Glu 128 

cat att gtt tct gat gga gta gec gtt ggc atg aaa ate ata act aga 432 

His He Val Ser Asp Gly Val Ala Val Gly Met Lys He He Thr Arg 144 

ttt get tct tta aga 480 

Phe Ala Ser Leu Arg 160 

agg aga aag aaa gta act tgt gtt cat aag get aac gta atg aga att 528 

Arg Arg Lys Lys Val Thr Cys Val His Lys Ala Asn Val Met Arg He 176 

act gat ggt tta ttc get gaa gca tgc aga tct gta tta aaa gga aaa 576 

Thr Asp Gly Leu Phe Ala Glu Ala Cys Arg Ser Val Leu Lys Gly Lys 192 

gta gaa tat tea gaa atg tat gta gac gca gca gcg get aat tta gta 624 

Val Glu Tyr Ser Glu Met Tyr Val Asp Ala Ala Ala Ala Asn Leu Val 208 
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turn 

aga aat cct caa atg ttt gat gta att gta act gag aac gta tat gga 672 

Arg Asn Pro Gin Met Phe Asp Val lie Val Thr Glu Asn Val Tyr Gly 224 

gac att tta agt gac gaa get agt caa att gcg ggt agt tta ggl a la 720 

Asp lie Leu Ser Asp. Glu Ala Ser Gin He Ala Gly Ser Leu Gly He 240 

gca ccc tct gcg aat ata gga gat aaa aaa get tta ttt gaa cg^ijg.t# 768 

Ala Pro Ser Ala Asn He Gly Asp Lys Lys Ala Leu Phe Glu Pgfffl 256 

ps i;^rt5*£ 

^■^^^^^0^$:t^^^^0^W^ aag aat ata ggt aat ccc act 816 

^^M^M^SS^S&MM Asn He Gly Asn Pro Thr 272 ' 

gca ttt tta ctt tct ^0^iM^^^^^^^^^0^t:^g eta 864 

Ala Phe Leu Leu Ser ^^^^^.^MSM^^^t^!^^^ Leu 288 

tct aat gac gat aga tat ata aaa get tea aga get tta gaa aac get 912 

Ser Asn Asp Asp Arg Tyr He Lys Ala Ser Arg Ala Leu Glu Asn Ala 304 

ata tac tta gtc tac aaa gag aga aaa gcg tta acc cca gat gta ggt 960 

He Tyr Leu Val Tyr Lys Glu Arg Lys Ala Leu Thr Pro Asp Val Gly 320 

ggt aat gcg aca act gat gac tta ata aat gaa att tat aat aag eta 1008 

Gly Asn Ala Thr Thr Asp Asp Leu He Asn Glu lie Tyr Asn Lys Leu 336 



ggc taa 
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51 180 321 

N. Cra DP1TDEALNAAKA VWSI.DKANVLASS — KTKDLGG 

S. Cer VPLPDCALEASKK IWSLDKANVLASS — RTGDLGG 

A. Turn VAISDADNEKALA VCSMEKKNVMKSG — RTADTMA 

B. Sub NPLPEETVAACKN VTSVDKANVLESS — RTRDL-A 

E. Col QPLPPATVEGCEQ VTSIDKANVLQSS — RTGDI.AR 

T. The EPFP EPTRKGVEE WSVDKANVLEVG ETPFPDLGG 

Phe53Leu |r +— Vall81Thr ^ <4— 

L T T 



Pro324Thr 



Sub sp. #7 EALPKDSLKIIDK VTCVHKANVNRIT KALTPDVGG 

Cs. Cer TTIPDPAVQSIKT VSAIHKANINQKT ENRTGDLAG 

CB. Tau WMIPPEAKESNDK VTAVHKANINRMS NMHTPDIGG 

CB. Sub EWLPAETLDVARE VTLVHKGNINKFT RVLTGDVVG 

CE. Col VWLPAETLDL I RE VTLVHKGN1NKFT -VVTYDFAR 

[010] 




IPMDH 
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ICDH 



[011] 




IPMDH 

pET21c (6.44kbp) 
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